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Abstract 
To avoid the complexity of indirect district heating (IDH) system dynamics, a simplified ideal dynamic model based 
on energy conservation principle was developed and verified by actual measurement to represent an actual IDH 
system in China. By utilizing the verified model, the supply water temperature from the heat source was controlled 
with a PI controller by considering the influences of outside and inside air temperatures and additional heat gains. 
The system performance from two day operation was simulated, and the coal consumption and the supply water 
temperature from the heat source subject to outside air temperature were predicted. By analyzing the dynamic 
responses it was shown that the thermal comfort of the end-users can be satisfied. To improve the accuracy of the 
dynamic model more operational data is expected to tune it. The model can be used to design better control strategies 
and predict energy consumptions (the coal and electricity) from simulations of the overall dynamic model. 
Keywords: Indirect district heating system; ideal and verified dynamic model; control strategy; prediction; simulations; 
Nomenclature 
c specific heat, J/KgԨ or a factor related to heat transfer coefficient test of heaters 
C controller or thermal capacity, J/Ԩ arg average 
e error    b boiler 
f  factor    conv conventional 
F area, m2    d design 
G mass flow rate, Kg/s  en enclosure 
HV heating value, J/Kg   ex exchanger 
kp proportional gain   f fuel 
ki integral gain   h heater 
KF heat transfer coefficient, W/Ԩint internal 
q heat per unit area, W/m2  n number of HES 
Q heat, W    o outside 
t time, s    s supply 
T temperature, Ԩ   sp set point 
u control signal   sols solar radiation from south side 
30 DD  factor    v verify 
Subscripts    w, w2i water, water in secondary system for each HES 
1, 2 primary, secondary system  z zone 
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adv advanced     
1.Brief introduction 
It becomes more and more important to improve the overall efficiency of district heating (DH) systems, 
the comfort level and the optimal operation based on the economic and needs from the rapid social 
development, with expectation of high quality daily life, protection of environment and low carbon 
emissions and green development. Thus, an actual IDH system was selected as a demo project by using 
Danfoss high-technologies and products, and a renovation for the system has been implemented in 2013. 
The project included the reformation of the overall control system platform from the heat source to the 
end-users, such as the suitable control strategies, heat balance and water flow control. The purposes of 
this project were to improve system performance, energy efficiency and thermal comfort level as well. 
The heated floor area of this project is 0.44Mm2. There are 4 high-temperature boilers installed in the 
heat source, and 5 heat exchange stations (HES) in the overall system with 9 heat exchange units in total. 
The buildings served were built in 1992-1994 as economic buildings. The simplified system diagram is 
plotted in Fig. 1 with aggregated boilers, heat exchange stations, heaters as three parts and control 
strategies. 
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   Fig. 1. Simplified diagram with control configuration        Fig. 2. Dynamic responses in ideal conditions 
2. Dynamic model development 
The design parameters of indoor and outdoor air temperatures, supply and return water temperatures in 
the primary and secondary systems, water mass flow rates in the primary and secondary systems, and 
heating load index are 18ć, -26ć, 110ć, 70ć, 80ć, 60ć, 475T/h, 951T/h, 50W/m2 respectively. 
These parameters are used for the development of the mathematical model. 
As known that IDH systems are very complicated systems when considering dynamic processes. To avoid 
the complexity, certain conditions are assumed: the heat losses from the pipe network, the makeup water 
losses from overall system are ignored without affecting the system responses too much due to limited 
amounts actually. In addition, several physical parameters are aggregated such as thermal capacity, 
overall heat transfer rate of HES, radiator and building enclosure. By applying for the first principle of 
thermodynamics, 5 state variables are taken into account for the simplified ideal dynamic model, and the 
dynamic equations is expressed as follows. 
In Equations (1), the net heat stored in the boiler body, the heat exchangers both sides, the radiators and 
the zone air can be expressed by the differences between the heat inputs and outputs respectively. Note 
that the boiler efficiency is stated as nonlinear property based on experience, the solar radiation is 
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   (1) 
considered by south side of the buildings, and internal gains are assumed by 3.6W/m2 as maximum value. 
To this end, the simplified ideal IDH system model is combined with 5 dynamic equations. 
Design values of the network are set to the ideal dynamic model for simulation. With the designed coal 
consumption and outside temperature as inputs, the dynamic responses are displayed in Fig. (2). The 
outputs present identical as the design values, meaning correct relationships among inputs and outputs. 
Because the developed model is suitable for ideal conditions only, it should be verified. A “trial and 
error” method is used to obtain the factors based on actual data from the DH operation as 
]4.1,35.1,1,25.1,1.1[],,,,[ 21  uufff enhex . The responses of the water temperatures and the coal consumption 
with different outside air temperature from the verified model are shown in Fig. 3. Comparing the results 
(lines) from the verified model with the measured data (dots), this verified model could be utilized for 
system simulations and predictions. Due to the change of coal heating value and manually control of the 
coal feed to the boiler(s), the actual coal consumption is revealed a bit de-centrality. Note that the heat 
transfer areas of the HESs and the radiators are oversized, and the water flow in the primary and 
secondary systems is running with excess of design values normally. 
3. Two days operation with fuel control strategy  
The configuration of the control system is given in Fig. 1. In actual IDH system, the supply water 
temperature from the heat source has been controlled manually (Cf) in relation to the outside and inside 
air temperatures, solar radiation and wind speed; heat balance has been monitored based on the average 
water temperature in the secondary system by adjusting the water mass flow rate (u1) of each HES in the 
primary system; and the water mass flow rate into the buildings has been controlled by using self-active 
flow control valves with selected position (u2). However, in this paper for simplicity, the control signals 
of u1 and u2 are set to be 1.35 and 1.4 respectively, and the fuel controller is used for simulations only.  
A typical PI controller Cf is used to regulate the supply water temperature from the heat source, and the 
control signal (uf) is formulated and computed in the following algorithm:  
³  
t
bbspibbsppf dtTTkTTku
0
)()(         (2) 
In order to obtain the system dynamic responses, the outside air temperature, the solar radiation, the 
internal heat gains used in the simulations are given in Figs. 4 (c) and (d). A conventional (Tbsp=f(To)) and 
an advanced (Tbsp=f(To,Tz,Qsol,Qint)) control strategies are simulated for comparison. As shown in Fig. 
4(a), the supply and return water temperatures in the advanced control strategy are lower than those in the 
conventional control system especially. By observing with the average water temperature in the 
secondary system, it is decreased about 3-4ć in daytime to that in the conventional system plotted in Fig. 
4(b). As seen in Fig. 4(c), by regulating the supply water temperature from the boiler with the advanced 
control strategy, the zone air temperature ranges within 20±0.1ć compared with that from 20.3ć to 23.4
ć in the conventional system. The accuracy achieved is caused by the compensation of the additional 
heat gains and the feedback of the measured zone air temperature used to the control system. 
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Fig. 3. Verified model responses with operational data       Fig. 4. Two days operation with Tb control 
4. Prediction of coal consumption and the supply water temperature from the heat source 
If additional gains are ignored, the coal consumption (heating value: 17.8MJ/Kg) and the supply water 
temperature can be predicted in Equations (3) when the zone air temperature is maintained by 20ć. The 
coal consumption could be reduced by 5~12% approximately by considering the additional heat gains. 
The value of Tb never exceeds the design value (110ć) because of the oversized heat transfer areas of the 
heat exchangers and the heaters, and the over rates of water flow.  
]75.534072.10047.00002.0,91.761926.30071.00001.0[],[ 2323  oooooobf TTTTTTTG    (3) 
5. Conclusions 
Simplified dynamic model has been developed, validated and used for open loop test, control strategy and 
prediction. By considering Tb control, the zone air temperature responses satisfy the need of its set point. 
Comparing with the dynamic responses of the advanced and conventional control strategies, the energy 
saving (coal) and the thermal comfort improvement are achieved due to the advanced control system. The 
main reasons caused it is the compensation of the additional heat gains and the action of the zone air 
temperature feedback. From the simulations, the prediction of Gf and Tb are given with certain 
conditions. The electrical cost can also be reduced due to the over rate of the water in the network. 
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Review 1 
Review: 
The paper reports a dynamic model for district heating which has valuable applied values. 
However it needs revision for acceptable for the conf.  
 
1. Updated studies of related areas and comparison to the proposed approach should be given 
to show the novelty of this study 
Due to the system is still running now, it will be updated when the system has ended in the 
heating season this year. 
2. Any further features to improve the efficiency of district heating by use the proposed 
method?  
The system efficiency could be improved more by decreasing the water mass flow rate in the 
primary and secondary systems. 
3. Suggestion to implement the method in the real applications? 
This approach has been used in the real system in this heating season. 
 
Review 2 
Review: 
Please take into account the required format for the conference which requires 4 pages 
maximum. 
It is fixed. 
 
Review 3 
Review: 
The paper presented an interesting study to investigate the dynamic performance of an indirect 
district heating system. The paper can be accepted for the ICAE conference. Few comments 
below: 
 
1. The number of pages exceeds the required number by ICAE 2014.  
It is shorted according to the request. 
2. It is not clear how Tbsp is derived and the difference between the two control strategies.  
It is explained in the modified paper. 
3. It is not clear how the dynamic response is verified through Fig.2, and the associated 
statement: 'As seen from this figure, the outputs of the system present the same as the design 
value, which means the developed ideal dynamic model is correct'. 
If the predictions are associated with the measured values, it means the outputs from the 
verified model are correct. 
4. add biography and to 4 pages. 
It is given in the paper 
 
 
